ABSTRACT Larval sawßy foraging behavior is understudied in comparison to defoliating Lepidoptera, yet the parallel lifestyles of these groups suggest that similar behavioral and physiological adaptations may have arisen in response to common selective pressures. The red-headed pine sawßy, Neodiprion lecontei (Fitch), is a gregarious diprionid that forages nomadically on a variety of pine species. We investigated the behavioral basis of group foraging in N. lecontei, in particular trail following and colony foraging dynamics, in order to better understand the mechanisms contributing to group cohesion in this species. We show that N. lecontei is, like many social Lepidoptera, a trail follower, showing a strong preference for substrate contacted by foraging conspeciÞcs. This may be the Þrst study to demonstate trail following behavior in a social sawßy. In ad libitum group movement studies, larval groups did not colonize new patches in a single migratory pulse but migrated over a period of hours solitarily or in small groups. Foraging groups remained largely cohesive yet frequently Þssioned small groups that dynamically recoalesced during larval development. We speculate that N. lecontei larvae remain cohesive by cueing on a marker derived from their pine host and deposited passively by migrating conspeciÞcs.
SAWFLY LARVAE EXHIBIT striking morphological, physiological, and behavioral parallels with lepidopteran caterpillars. Leaf chewing, mining, and grazing are common in larval Lepidoptera and Symphyta, as are modiÞcations of the basic eruciform body form associated with these feeding modes (Johnson and Lyon 1988, Heitland and Pschorn-Walcher 1993) . Interestingly, solitary and gregarious (social) lifestyles are also common in these two groups. Larval sociality in the Lepidoptera occurs in at least 30 families distributed among 13 superfamilies (Costa and Pierce 1997) . Sociality in larval sawßies is also distributed among several families (Heitland and Pschorn-Walcher 1993) , and like the Lepidoptera, sawßy social forms include simple nomadically foraging groups and patch-restricted foragers that feed within silken shelters (Drooz 1985) .
Behavioral parallels between larval Symphyta and Lepidoptera go beyond solitary vs. social lifestyles. Subject to common ecological pressures from predators and parasitoids, larvae of both groups are often aposematic and typically exhibit characteristic defensive behaviors, including rearing and ßicking the body and regurgitating repellent compounds. Many sawßy larvae have specialized structures of the foregut for this purpose, the diverticula, in which host-derived secondary compounds are stored for defensive use (e.g., Carne 1962 , Eisner et al. 1974 , Morrow et al. 1976 , Schmidt et al. 2000 . Solitary caterpillars and sawßies often exhibit defensive rearing and regurgitation as well, and the simultaneous group display of rearing and regurgitation behavior of social species is thought to enhance effectiveness in deterring predators and parasitoids (reviewed in Vulinec 1990, Costa and Pierce 1997) . In this context, sociality has been suggested to amplify warning signals that may have been exhibited by solitary ancestors. Sillé n-Tullberg (1988), for example, found in a phylogenetic analysis of gregariousness and aposematism in butterßy larvae that aposematic coloration often evolutionarily precedes and may predispose gregariousness.
Many beneÞts to larval sociality besides group defense have been noted, among them group thermoregulation (Seymour 1974 , Porter 1982 , Casey et al. 1988 , Ruf and Fiedler 2000 , overcoming plant defenses (Ghent 1960, Clark and Faeth 1997) , and cooperatively locating food resources Peterson 1983, Fitzgerald and Underwood 1998a,b) . Cooperative foraging is often achieved via trail marking, which may be used to recruit nestmates to proÞtable patches (e.g., Fitzgerald and Peterson 1983 , Peterson 1988 , Ruf et al. 2001 . Perhaps a more common use of trail markers in social species is group cohesion, where markers keep nomadically foraging larvae together as they move over the hostplant to establish new feeding sites (e.g., Costa 1986, Costa et al. 2000) .
While communication related to group foraging has been extensively studied in social Lepidoptera, very little is known about the proximate mechanisms underlying group foraging in social sawßies despite the fact that many aspects of the defensive and foraging biology of these insects have been investigated (see reviews in Wagner and Raffa 1993) . To begin to address this gap in our knowledge of sawßy foraging behavior, we undertook a study of group foraging dynamics and trail following behavior in the redheaded pine sawßy, Neodiprion lecontei (Fitch), a species social in the larval stage and common throughout eastern North America.
Overview of N. lecontei life history
The red-headed pine sawßy is a native North American diprionid specializing, like most members of this family, on conifers (Atwood and Peck 1943 , Coppel and Benjamin 1965 , Haack and Mattson 1993 . Though restricted to Pinus species except under outbreak conditions, N. lecontei has the broadest diet of North American Neodiprion. Nine of the twelve hard pines native to eastern North America are primary (ovipositional) hosts, including P. rigida Mill. (pitch pine), P. echinata Mill. (shortleaf pine), P. taeda L. (loblolly pine) and P. virginiana Mill. (Virginia pine), while most congeners feed on only one or two pine species (Averill et al. 1982 , Drooz 1985 , Wilson et al. 1992 . The adults Þrst emerge in early spring, and following mating females oviposit up to ca. 100 eggs in several adjacent needles of the hostplant. Larvae eclose soon after oviposition and remain gregarious throughout most of the larval stage, feeding on both needles and cambium of young shoots. These are probably sibling groups initially, as females are singly-mated (Benjamin 1955) , though unrelated colonies readily coalesce. The larvae construct no shelter, and exhibit a nomadic foraging pattern (sensu Fitzgerald and Peterson 1988) until the penultimate instar when they begin to disperse. The larvae are not strongly aposematic, though the green-yellow integument has rows of black spots, and exhibit the defensive group rearing and regurgitation behavior characteristic of many social sawßy and caterpillar species. In the terminal instar the hostplant is abandoned, and larvae spin a cocoon after burrowing into the soil or leaf litter (Stark and Dahlsten 1961, Coppel and Benjamin 1965) . The number of annual generations varies from one to three depending on latitude and elevation, and overwintering is ultimately done in the prepupal stage.
Materials and Methods
Red-headed pine sawßy colonies were collected from roadside and secondary-successional Þeld sites in several counties in western North Carolina, where they commonly occur on Virginia and pitch pine.
Colonies were returned to the laboratory where they were maintained following Knerer (1984) in plastic boxes on fresh Virginia pine. In the study region N. lecontei has two to three generations per year, so larvae could be collected from July through September. Laboratory and Þeld studies were conducted to explore three aspects of N. lecontei group foraging behavior: (1) trail-following, (2) colony inter-patch movement, and (3) colony foraging dynamics and fragmentation/ fusion rates.
Trail Following. As foraging-related chemical pheromone cues have been described from a variety of social Lepidoptera (reviewed in Fitzgerald 1995, Costa and Pierce 1997) , we hypothesized that groupforaging sawßies are likely to use such cues as well. Based on the cohesive nature of N. lecontei foraging groups, chemical markers may be used in group cohesion, signaling the location of conspeciÞcs during group movement. Several lepidopteran caterpillar species are known to impart chemical markers to silk, which is often produced in copious quantities. Some of these species mark the silk as it is extruded from the spinnerets (e.g., Capinera 1980 , Roessingh 1990 , Fitzgerald 1993b , and others overlay the silk with a marker produced elsewhere on the body (e.g., Fitzgerald and Edgerly 1979 , Fitzgerald and Costa 1986 , Fitzgerald and Underwood 1998a . Through careful observation, we ascertained that N. lecontei larvae do not spin silk as they forage or move over the hostplant, eliminating silk as a candidate for eliciting trail following. Larvae contact the substrate with a considerable portion of the venter and posterior pleuron of the abdomen as they walk, however. We therefore sought to determine if larvae deposit a chemical marker that elicits trail following from conspeciÞcs in this fashion.
A wood dowel Y-maze apparatus was used to test larvae for trail following. The Y-maze design has been used to elucidate details of trail-marking behavior, cues eliciting trail following, and host preferences for an array of social Lepidoptera (e.g., Weyh and Maschwitz 1978 , Fitzgerald and Edgerly 1979 , Peterson 1988 , Roessingh 1989 , Ruf et al. 2001 . Most studies employing Y-maze tests assay the choices of individual larvae. In preliminary studies of N. lecontei, however, we found that isolated and handled larvae behave in an agitated manner and do not reliably walk up the stem of the apparatus, consistent with observations reported by Kalin and Knerer (1977) for isolated larvae. A more satisfactory manner of testing larval choice was to permit unmolested groups to move up the Y-maze stem ad libitum.
A group of forty 3rd-instar larvae was permitted to walk over the stem and one Y-maze arm (designated contacted) in migration from a depleted feeding site to a fresh feeding site. Larvae were prevented from exploring the second Y-maze arm (uncontacted) at this point by a cardboard barrier; Tanglefoot was applied to the pine twigs and upright dowel supporting the Y-maze to discourage larvae from wandering off the apparatus. The uncontacted arm was unblocked after the larvae were collected at their new feeding site and removed from the maze. Fresh Virginia pine foliage was then placed at the terminus of each Y-maze arm, and a new group of 40 larvae was given access to the Y-maze stem and permitted to migrate ad libitum undisturbed. Number of larvae choosing each Y-maze arm was recorded for 30 trials using 40 test larvae per trial from different colonies; arms contacted vs. uncontacted by conspeciÞcs were switched with each replicate to control for side bias. Because larvae were foraging ad libitum in groups, individual larval choices were not independent and cannot be statistically analyzed as such. Accordingly, data on arm choice were analyzed with a binomial test as follows: each group of 40 larvae was scored as choosing the previously contacted (treatment) Y-maze arm, the uncontacted (control) arm, or both (a split decision). An a priori conservative cutoff of 90% of the colony ending up together at a feeding site was used to score that arm as selected; colony splits below the 90% level were scored as a split decision and eliminated from the binomial analysis (i.e., only trials where 90% or more of the group made an arm choice were used in the test).
Group Inter-patch Migration and Foraging Dynamics. Inter-patch Migration. We conducted a laboratory study of group inter-patch migration to assess the relative incidence of singleton vs. group larval movement and the net rate of movement of larval groups over substrate previously contacted vs. uncontacted by conspeciÞcs. Groups of 40 larvae were established on Virginia pine feeding sites with limited food. Upon depleting food, the group of larvae migrated ad libitum over a 7-cm wood dowel bridge to a fresh feeding site. Tanglefoot was again used to prevent larvae from moving off the bridge. Ten trials were conducted using fresh dowels and 10 using dowels recently contacted by conspeciÞcs. A video camera was used to review group migration in each trial to quantify (a) the number of larvae crossing the bridge midpoint in the forward and backward directions per 5-min. interval and (b) the cumulative number of larvae arriving and remaining at the new feeding site per 5-min. interval. Use of counts per 5-min. interval was adopted following preliminary studies that showed net group movement is both very slow (see results below) and staggered. This counting method, based on video observation, thus provides a convenient means of graphically summarizing group movement while accurately representing larval trafÞc in both directions. Rate of movement was of interest in connection with the previously contacted vs. uncontacted dowels, as foraging larvae might be expected to move less hesitantly over substrate that may have been marked with a familiar cue. The cumulative arrival data (part (b) above) provided information on net movement rates for groups traveling over these substrate types. Movement trials were standardized as follows: movement records began with the Þrst 5-min. interval in which larvae crossed the bridge midpoint (rather than Þrst contact with bridge), and cumulative arrival records began with the arrival of the Þrst individual(s) at the new feeding site. Because of the short bridge length and 5-min. time interval used to record position, movement and cumulative arrival records typically began and ended at approximately the same time.
Colony Foraging Dynamics. Colonies freely foraging on young transplanted host trees were observed under laboratory and Þeld conditions to document interpatch movement and Þssion and fusion rates of groups. Twenty-two young Virginia pine trees (ca. 1.5 m in height) were transplanted into pots from sites in Jackson County, North Carolina. Eleven trees were transferred to the laboratory where they were watered regularly and maintained at 27ЊC, L:D 14:10 h, and the remaining 11 trees were transferred to a nearby unenclosed Þeld site. One group of 40 N. lecontei larvae was placed on the apical shoot of each tree and permitted to forage ad libitum until pupation 10 to 14 d later. Larval starting age was 3rd-4th instar in 18 of the replicates and 2nd-3rd instar in four of the replicates. The position and size of larval groups on trees was noted twice daily at approximately 12 hour intervals. We plotted larval positions on a graph temporally and spatially representing positions on the trees. These graphs were used to determine the frequency and duration of colony fragmentation and fusion events in laboratory and Þeld settings. We arbitrarily deÞned Þssion events as cases where nine or more individuals, or approximately 1 ⁄4 or more of the starting number, split from the main foraging group. Fusion events were arbitrarily scored as cases where at least two individuals simultaneously rejoined another group of larvae. This number rather than nine was used because repeated Þssion of groups (i.e., subsequent fragmentation of split groups) made it difÞ-cult to apply to fusion events the same nine-individual criterion used in scoring Þssion events.
Colony Fragmentation in Natural Populations. Genetic markers have long been used to gain insight into such difÞcult-to-observe behaviors as mating, dispersal, and colony foraging dynamics in social insects (e.g., McCauley et al. 1988 , Page 1986 , Costa and Ross 1993 , Ross 1993 ). We complemented our behavioral studies with a genetic approach to quantify Þssion/ fusion incidence in natural N. lecontei populations, employing allozyme marker loci to genotypically proÞle larvae in Þeld-collected colonies for evidence of colony fusion or fragmentation.
Thirty-Þve individuals (30 females and 5 males) from 15 widely-distributed colonies were Þrst used in a screen for variable enzyme loci. Larvae were reared to prepupal stage prior to use in electrophoresis in order to sex all individuals. Sexing is important for genetic studies of haplodiploids to avoid confounding genotypes of hemizygous males with homozygous females. Prepupae present a convenient means of sexing, as males have one fewer instar than females and are thus signiÞcantly smaller (Wilson et al. 1992) . Fifty candidate allozymes used in previous studies of Neodiprion or other Symphyta (Kuenzi and Coppel 1986 , Woods and Guttman 1987 , Packer and Owen 1992 , Rosenmeier and Packer 1993 were screened for three buffer systems, including tris-citrate, amine-citrate (morpholine), and tris-borate-EDTA buffers (see Shoemaker et al. 1992 for details of buffers and running conditions). Loci polymorphic at the 99% level were identiÞed for subsequent analyses.
Polymorphic loci were used to construct genotypic proÞles for larvae in 14 Þeld colonies. Because females of this species are singly-mated (Benjamin 1955) , colony fusion can be inferred by inspecting for Mendelian genotypes incompatible with a single-family model. With single mating extraneous and incompatible genotypes are indicative of colony fusion. A maximum of two female-offspring genotypes and two male-offspring genotypes should be observed in simple families of haplodiploids, the situation that obtains when the diploid mother is heterozygous. Additional genotypes likely signal colony fusion. Moreover, if male and female genotypes themselves cannot be reconciled with a simple parentage model, the group may consist of larvae originating in different colonies. In both of these cases, a skewed genotypic ratio may be of use in helping detect colony fusion, but in the present study colony size is typically too small for statistical evaluation in this regard. Fragmentation events, in contrast, are inferred on the basis of identity of genotypic proÞles for colonies in spatial proximity. Such colonies may be separate initial broods of the same female since females sometimes split their clutches (Codella and Raffa 1995b) , although one clutch is typically oviposited (Wilson et al. 1992 ). This pattern would obtain with closely related females ovipositing on a common host tree as well.
Results
Trail Following. Arm-choice data for the 30 Y-maze trials are summarized in Fig. 1 . Four of the 30 Y-maze arm-choice trials were eliminated as split decisions, but even in these an overwhelming majority of larvae selected the previously contacted (treatment) arm. Of the remaining 26 groups, Ͼ90% of larvae in all groups selected the treatment arm (Fig. 1A) . In a one-tailed binomial test (Zar 1999) , P(X ϭ 26) ϭ 1.4 ϫ 10 Ϫ8 , indicating that foraging groups showed a strong preference for the treatment arm (P Ͻ Ͻ 0.001). Despite the overwhelming preference by groups for substrate previously contacted by conspeciÞcs, the fact that in only 12/30 trials of this experiment did 100% of the colony choose the same arm (Fig. 1B) is informative. This "error rate" is suggestive of (a) variation in group Þdelity, (b) variation in cue discrimination ability, (c) easily overridden trail cues, or some combination of these. Singletons and pairs constitute the most frequent size class splitting from main group. Observation showed that larvae making choicepoint decisions differing from the main group often did so in pairs or small groups traveling closely together, suggesting at times tactile cues may override chemical cues. It is clear from detailed group-movement observations (see below) that larvae often travel as singletons and small bands, and incorrect choicepoint decisions by the leading larva in such bands may inßuence the arm chosen by the others. Deviating groups were not consistently early or late in moving over the Y-maze apparatus relative to others in their colony.
Inter-patch Migration. The results for three representative trials showing directional and cumulative group movement over the dowel bridge are shown in Figs. 2 and 3 . Cumulative arrival at the new patch is roughly linear, indicating that larvae do not move quickly between patches in one or a few waves of migration, but in small groups over several hours. There was no difference in mean time taken for groups to migrate over previously contacted vs. uncontacted substrate (t-test; t ϭ Ϫ0.67, P ϭ 0.51), though groups seemed to take longer to migrate over the virgin substrate (3.55 versus 2.83 h on average). Data for the two sets of 10 trials were pooled, giving a mean time of 3.19 Ϯ 1.38 h (mean Ϯ SD; n ϭ 20) for groups to establish a new feeding site. Relative hunger level and jostling of larvae at crowded exhausted feeding sites is expected to inßuence larval motivation to leave in search of a new feeding site. Insofar as larval age and quantity of food at the initial site were standardized as far as possible, and larvae were permitted to feed and leave freely, motivation level in leaving should have been more or less equal among trials. Nonetheless, some groups took as long as 4 hours to migrate, while others took little more than 1 hour. It is noteworthy that establishment at the new patch is not achieved by a single migration pulse. Rather, multiple pulses of migration are evident, with movement of singletons punctuated by movement of small bands of larvae (no single group larger than 12 larvae was observed). Larvae also exhibit much forward-and-backward movement (Figs. 2 and 3) . Considering that larval groups ultimately remain largely intact at the new site (Fig.  1) , this observation is a further indication of marker use in larval movement.
Colony Foraging Dynamics. A schematic diagram of ad libitum group foraging for two representative colonies is presented in Fig. 4 . All observed colonies exhibited fragmentation and recoalescence (i.e., Þs-sion/fusion) during larval foraging. Field-and laboratory-maintained colonies did not differ signiÞcantly in number of fusion events (t ϭ Ϫ0.88; P ϭ 0.39) or mean time for groups to recoalesce (t ϭ 0.80; P ϭ 0.43), but number of Þssion events was marginally signiÞcant between Þeld and lab colonies (41 and 57 recorded events, respectively; t ϭ Ϫ2.12; P ϭ 0.05). Because the foraging dynamics of Þeld and lab replicates were similar they were pooled to obtain mean colony Þssion and fusion frequency and time to recoalescence. Colonies exhibited on average 4.45 Ϯ 1.74 Þssion events and 3.95 Ϯ 2.17 fusion events (mean Ϯ SD for n ϭ 98 and 87 observations, respectively), and took an average of 19.13 Ϯ 1.59 hours to refuse once split (mean SE). In many instances of fragmentation small bands (2Ð9 larvae) split off from the main group, but in half of the observed cases of fragmentation larger groups, 10 Ð19 in number, split in addition to smaller groups. Most subgroups rejoined within 1 day (ca. 19 h), but occasionally singletons or pairs of larvae were permanently separated from the main foraging group (see below). Groups tended to abandon branches only after defoliating them, moving to another branch in the same whorl or to a new branch whorl with equal frequency. 
Colony fragmentation in natural populations.
Three enzyme loci, Pgm, Pep-LA, and Me, were identiÞed as variable (99% criterion), consistently expressed, and adequately resolved in the N. lecontei population survey (Table 1) . Polymorphism was low, with 1.03 to 1.33 genetically effective alleles (Table 1) . It should be noted that, while the average expected heterozygosity, 0.113, was higher than that reported for other Neodiprion (Woods and Guttman 1987) , this value was based on only three loci and is inßated by Me (Table 1) . Resolution of colony genetic makeup, and accordingly inferring such events as colony fusion, depends on number and degree of variation of genetic markers. The low heterozygosity for the polymorphic loci found in this study is problematic for inferring Þssion/fusion events, because many individuals in the population will be genotypically indistinguishable, precluding detection of these events should they occur. Nonetheless, two loci, Pgm and/or Me were found to exhibit intracolony variation for 14 of 42 colonies (33%) and were analyzed for evidence of colony fragmentation (see Table 2 ). Pep-LA was found to be invariant for these colonies and was not considered further. The genetic data presented in Table 2 provide a "snapshot" of colony makeup at a point in time. While these data suggest most of the sampled colonies are simple families, four of 14 colonies (29%) showed evidence of mixing or fusion. In two of these colonies, mixing was inferred on the basis of extraneous genotypes (col. 2 for Me and col. 14 for Pgm in Table 2 ). In both cases there were three female genotypic classes, and in one of these, colony 2, the source of the extrafamily individuals is very likely colony 3, found on the same tree. The other two fusion events (colonies 9 and 10 for Me in Table 2 ) are inferred on the basis of two homozygous genotypic classes for females. These four cases are not compatible with a single parentage model for a haplodiploid insect. In addition, one colony pair, also collected from the same tree, likely originated as a single colony that split based on the physical proximity of the groups and the fact that their genotypic proÞles are identical (see Table 2 ). The inferred number of fusion events is surprisingly high given the low resolution of the genetic markers. Fusion rate depends on the number of colonies initially oviposited on a host tree, in turn dependent on local population density, and is likely to vary considerably in space and time. But in general these results suggest that colony mixing and merging is common in redheaded pine sawßy populations. . Schematic foraging diagram for two representative colonies of Neodiprion lecontei larvae (40 larvae/ group) permitted to forage ad libitum on transplanted Virginia pine. Y-axis numbers for relative position on tree denote branch whorls (1 ϭ uppermost whorl, 5 ϭ lowermost whorl). Study consisted of 22 replicate colonies (11 maintained under laboratory conditions, 11 under Þeld conditions; see text for details). Group size is symbolized by shape; Þssion/fusion events are indicated by the splitting and rejoining of the lines connecting symbols. Note that the Þrst wave of larval dispersal in both examples (identiÞed for the Þrst colony beginning at approximately observation interval 14) represents male dispersal prior to pupation, as males have one fewer larval instar than females. Total larval numbers after observation time 16 are Ͻ40 because of mortality and, more commonly, larvae dropping from the host to pupate. . In both cases, x ϭ population frequency of each allele (Nei 1987) . Average heterozygosity for the three loci ϭ 0.113. C, pH 6.0 amine-citrate (morpholine) continuous buffer system; M, pH 8.6 tris-borate-EDTA continuous buffer system. See Shoemaker et al. (1992) for details of gel running and staining conditions.
Discussion
Taken together, the studies reported here provide a detailed picture of the foraging dynamics of N. lecontei colonies and identify a proximate mechanism, chemical trail following, that promotes group cohesion. The ability of many gregarious folivores to remain cohesive, stimulate group-orientation to proÞt-able host foliage, and feed en masse may underlie their destructive potential as defoliators, though host impact varies widely as a function of plant defenses. Foraging dynamics and underlying behaviors maintaining colony cohesion have been studied extensively in gregarious lepidopteran folivores, and in many of these cases colony cohesion and foraging effectiveness stem in part from the use of trail markers. This is true, for example, of forest tent caterpillars (Malacosoma disstria Hü bner; Fitzgerald and Costa 1986) , eastern tent caterpillars (M. americanum (Fabricius); Edgerly 1979, Fitzgerald and Peterson 1983) , ugly nest caterpillars (Archips cerasivoranus Fitch; Fitzgerald 1993b), range caterpillars (Hemileuca oliviae Cockerell; Capinera 1980), and small or spindle ermine moths (Yponomeuta cagnagellus Hü bner; Roessingh 1989 Roessingh , 1990 .
Many workers have recognized the parallel between social Lepidoptera and Symphyta and the likelihood that sawßies communicate through chemical and other means to promote colony cohesion (see, e.g., Evans 1934 , Ghent 1960 , Atwood 1962 . The work reported here may be the Þrst to explicitly explore the possible role of chemical communication in the foraging biology of the larvae of a social sawßy. Chemical communication is probably the most common means of achieving group cohesion and orienting to feeding sites in social Lepidoptera and Symphyta (see Fitzgerald 1993a Fitzgerald , 1995 Pierce 1997 for reviews), but some species appear to rely on tactile cues (e.g., pergine sawßies; Evans 1934 , Carne 1962 . Results of the trail-following and inter-patch migration studies reported here suggest that foraging groups do not maintain cohesion through tactile means, though tactile cues may be important in inßuencing some choicepoint decisions and may explain low rates of splitting from the main colony by larval pairs and small groups. While colonies readily fragment into subgroups and recoalesce, they also maintain a signiÞcant degree of cohesiveness. These data, taken with the observation that colony inter-patch migration is a slow process in which small bands of larvae migrate in succession, suggest one or more chemical cues are recognized by foraging N. lecontei larvae.
Chemical markers used by group foraging lepidopteran caterpillars studied to date are endogenously produced. For example, social lasiocampid caterpillars such as Malacosoma, Gloveria, and Eriogaster deposit trail pheromones by contacting the substrate (silk trails or branches) with the posterior tip of the abdomen (Fitzgerald 1995 , Fitzgerald and Underwood 1998a , Ruf et al. 2001 , while other species (e.g., the yponomeutid Y. cagnagellus and the tortricid A. cerasivoranus) appear to impart a marker to silk as it is extruded from the spinnerets (Roessingh 1989 (Roessingh , 1990 Fitzgerald 1993b) . Most species shown to actively mark substrate secrete the pheromone from speciÞc body regions (e.g., Malacosoma spp.; see Fitzgerald 1995) , though the entire cuticle of the social saturniid Arsenura armida (Cramer) appears to be impregnated with a trail marker (Costa et al. 2000) . Further study is needed to determine if the trail pheromone of N. lecontei is endogenously produced or simply exogenous hostplant derivatives that are passively or actively deposited by foraging larvae. Ghent (1960) studied the foraging behavior of jack pine sawßies (N. pratti banksianae Roh.) and suggested that the larvae of that species actively aggregate in response to cues associated with host foliage, possibly released in the process of feeding. Passive deposition of a host-derived chemical might involve incidental smearing on the branch substrate as larvae walk from site to site, and choicepoint decisions could be determined by recency or overall strength of marker. In this scenario, the few larvae selecting the "wrong" arm of the ap- paratus in our Y-maze experiment were unlikely to inßuence all subsequent larvae, as the material deposited by one or a few individuals would not be competitive with the greater quantity of material deposited on the treatment arm. Another possible mode of deposition of host-derived compounds is larval regurgitation. Larval N. lecontei, like many sawßy larvae, store host compounds in foregut diverticula and readily expel this material in response to disturbance (Wilson et al. 1992, Codella and Raffa 1995a) . Eisner et al. (1974) and Codella and Raffa (1995a) report that the chemical composition of Neodiprion regurgitate consists of terpenoid acid resins essentially identical to those of the host plant. The regurgitate is not forcibly ejected but "ballooned" in such a way that it can be retracted (presumably returned to the diverticula) when the disturbance has ceased. As larvae walk their head is often in direct contact with the substrate. While this probably serves to bring the antennae and labial or maxillary palps, chemosensory organs, to bear on the substrate, the opportunity to intermittently deposit host derived material would also present itself. In future studies, we intend to explore the role of host-derived compounds (e.g., ␣-and ␤-pinene and other terpenoids) in eliciting trail-following, as well as explore possible modes of marker deposition.
Some aspects of N. lecontei intra-colony foraging dynamics have been studied by Codella and Raffa (1995b) . These authors found that needle architecture and arrangement on branches forces colonies to break up into loosely-aggregated feeding groups, but larvae frequently move between groups as they jockey for feeding position on needles, each of which can support up to 3 or 4 feeding larvae at once. This observation is consistent with our observations of ad libitum foraging on host trees, as well as those of Ghent (1960) and may be general for gregarious pine-feeding diprionids. When N. lecontei clutches are situated on the same host tree, the colonies derived from these clutches are likely to merge as the larvae forage in a common vicinity (Haack and Mattson 1993, Codella and Raffa 1995b) . Fitzgerald and Willer (1983) and Costa and Ross (1993) reported a similar phenomenon with foraging eastern tent caterpillars (Malacosoma americanum (Fabricius)) of different colonies foraging on the same tree. It is noteworthy that in our genetic survey of 14 N. lecontei Þeld colonies several were found to exhibit evidence of fusion, despite the limited genetic resolving power of the allozyme loci employed. Colony merging is thus inferred to be quite common depending on local population density. Insofar as group size improves larval defense (Prop 1960 , Lyons 1962 , Tostowaryk 1972 ; see general review by Vulinec 1990 ) and other factors inßuencing survivorship (Henson 1965 , Kalin and Knerer 1977 , Larsson et al. 1986 ), supercolony formation can be viewed as advantageous despite possible tradeoffs with resource depletion or disease (see, e.g., Mohamed et al. 1985, Young and Yearian 1990) .
